In order to adapt to complex and severe climate change, the increasing traffic flow, and axial load, researchers devoted themselves to producing the bitumens which have excellent aging resistance, high temperature stability, low temperature crack resistance. All kinds of anti-aging inorganic nanomaterials, which contain nano-TiO2, nano-ZnO, nanoclay, etc., light stabilizer and antioxidants have been the focus of considerable research. Through the introduction of different anti-ageing inorganic nanomaterial's research status and the elaboration of its mechanism, this paper summarizes the research achievements of various anti-aging inorganic nano-modifiers used in bitumen modification. Based on the research outcome so far, this paper analyzes dispersion and compatibility of anti-aging materials in asphalt and looks forward to the future development of the technology of ageing prevention for bitumen.
INTRODUCTION
Bitumen is composed of macromolecular organic compounds containing different molecular weight hydrocarbons and non-metallic (oxygen, carbon and nitrogen). In the course of storage, transport, construction and service, due to the change of air, temperature and light, a series of physical and chemical changes occur, such as lightweight components evaporation, condensation and dehydrogenation of asphalt and so on. With the temperature and illumination changed, bitumen would occur a series of physical and chemical changes in the process of storage, transportation, construction and service. The process of bitumen aging not only increased oxygenic groups, but also changed chemical composition, which would lead to become stiff and brittle and could not continue to play its role.
The colloidal structure, physicochemical properties, or mechanical properties of bitumen was irreversible, which was defined as aging. Bitumen aging were divided into thermal aging caused by high temperature and ultraviolet aging caused by the sunshine. Solar radiation of the general area had a limited effects, so the quality control of bitumen mainly considered thermal aging. But ultraviolet aging seriously affect the service life of asphalt concrete pavement for the region of high altitude, thin air, strong solar radiation. Photo-oxidation of bitumen limits the service life of the asphalt pavement. That is because the ultraviolet radiation from the sun through the atmosphere to the surface of the earth is 290~400nm and the photon energy is 412 ~ 299 kJ/mol, which is higher than C-C and C-H bond energy connected with the stable functional group. It can damage the functional groups, leads to the formation of free radicals and molecular chemical reactions such as isomerization, condensation and dehydrogenation. Bitumen become stiff and brittle and could not continue to play its role [Shelton and Hawkins, 1972] . Meanwhile, after UV aging of asphalt not only makes the adhesion worse, but also accelerate the spallation from aggregate, leading to the formation of pits and peeling off the road and other damage phenomena.
In order to prolong the service life of pavement, many scholars have studied a variety of different types of anti-aging agent, such as, antioxidants, UV Absorber, layered silicate and inorganic nano-materials, which can exhibit an improved resistance of bitumen to the thermal-or photo-oxidative aging. In China, Wu , Yu[J-Y Yu et al., 2009] and Liu [Liu et al., 2013] in Wuhan University of technology have investigated effects of organo-montmorillonite on physical and ultraviolet aging properties of asphalt. Results showed that organic montmorillonite modified asphalt can significantly improve the physical properties, rheological properties of asphalt and anti-aging performance. In order to enhance the durability of asphalt, some modifications were attempted by adding antiaging additives. Yu et al. [J-Y Yu et al., 2009] reported that the effect of thermooxidative aging on physical properties and dynamic rheological behaviors of the modified asphalt is restrained due to introduction of organomontmorillonite.
The purpose of this paper is to summarize the mechanism of the variety of anti-aging materials. The final part makes a conclusion of results of study and prospect of further improvement.
INORGANIC NANO ANTI-AGING MODIFIERS
Many methods and modifiers can be used to improve the aging resistance performance of bitumen. The most effective way to improve the aging resistance of bitumen is adding various kinds of anti-aging agents into bitumen. The following mainly introduces several kinds of inorganic nano-modifiers.
NANO -TiO 2
From high functional density, special surface effects, large surface area, and quantum effects to mechanical properties where the resilience, tensile, strength, and tensile modulus is better than traditional materials, nanomaterials offer gigantic opportunities for development of modified materials [Chen et al., 2008] . Nano-TiO 2 is among the most exciting and promising classes of materials discovered recently and different from the traditional crystalline and amorphous substance [Wei-Rong, 2009 ]. It has excellent physics, chemistry, mechanical properties such as optical properties, magnetic properties, chemical corrosion resistance, high hardness and strength, and it has been widely used to produce catalysts, functional ceramics, etc. Since it appeared, domestic and overseas have invested a lot of energy to study its preparation, microscopic properties, application, etc. Nanoparticles have a high specific surface area and are prone to agglomeration, thus affecting the photocatalytic effect of nano-TiO 2 . The addition of nano-TiO 2 in asphalt mixture mostly adopts the different dispersing techniques, such as dispersant, ultrasonic dispersion technique. The dispersion of nano-TiO2 in asphalt enhance the photocatalytic ability of photocatalytic materials [Zhao and Qian, 2013] . The researchers found that titanium dioxide could trap and degrade organic and inorganic particles in the air and thus removed harmful air pollutants such as nitrogen oxides (NO x ) and volatile organic compounds in the presence of ultraviolet light (sunlight) [Hassan et al., 2011] . So the researchers tried to use nano-TiO 2 modified asphalt into practical production, it not only improve the performance of asphalt pavement, but also reduces the emission of harmful gas in a certain extent. Furthermore, the nano-TiO 2 modified asphalt mixtures' dynamic stability improves by 30%, residual stability maintained at above 90%, low temperature limit flexural tensile strain increased by 20% [Reijnders, 2009] . In addition, nano-TiO 2 can effectively decrease the loss rate of penetration and the growth rate of penetration index after ultraviolet aging. Therefore, nano-TiO 2 improve the comprehensive performance of mixtures and have a good application prospect. Ma et al. [2008] found that after ultraviolet ray aging nano-TiO 2 modified asphalt could effectively restrain saturates and aromatics to asphaltenes and improve temperature susceptibility of asphalt at high temperature, but fail to improve the ductility. Nanomodified asphalt has the properties of anti-ultraviolet aging and photocatalysis. After adding nanometer titanium dioxide, routine test (such as softening point, penetration, ductility test) has certain regularity, and the basic performance indexes of the asphalt mixture also satisfy the technical requirements. The pavement performance affected by nano-TiO 2 can makes adverse effects to a minimum by adjusting the dosage of nano-TiO2 [Zhao and Qian, 2013] .
The absorption of TiO 2 and ZnO on the ultraviolet ray is derived from their semiconductor properties. According to the semiconductor energy band theory, If the photon energy is greater than semiconductor band gap energy, semiconductor can absorb the energy of the photon. The Band gap of TiO 2 and ZnO is 3.2eV and 3.0eV, respectively. According to E=hv, maximum wavelength is less than 384.7nm and 410.3nm, respectively. Figure 1 shows the wide adsorption band, which is the fundamental reason for the improvement of anti-ageing property of nano-TiO 2 and nano-ZnO. As show in Figure 1 (a)、(b), these two kinds of materials have wide band and strong absorption ability to UV light, rather than selective absorption, and these two kinds of inorganic nanomaterials have little absorption in the visible part [Wang et al., 2003] . Using nano-TiO 2 to decompose the automobile exhaust and improve the performance of asphalt is still at the preliminary stage in our country. How to choose a good carrier and how to motivate catalytic activity should be further studied.
NANO-ZnO
Nanozinc oxide is a kind of versatility of new inorganic material, the particle size of about 1 ~ 100 nm. Research indicated that the addition of nano-ZnO in asphalt can effective improve the permanent deformation of asphalt mixture and ultraviolet resistance. revealed ultraviolet (UV) aging mechanism of the binders by using Fourier transform infrared spectroscopy (FTIR) and atomic force microscopy (AFM). Compared with unmodified bitumen before and after UV aging, the increased carbonyl index values further decreased for nano-ZnO modified and the dimension of 'bee-like' structures was decreased obviously. The surface of nano-ZnO modified bitumen after UV aging was relatively smooth.
Like many organic compounds, asphalt will be gradually oxidized, which produce hydroxyl、carbonyl、carboxyl and form a more complex polymer adhesive. When the temperature was higher than 100℃, the oxidation rate increases 1 times when the temperature increases 10℃. Oxidation has been considered the main reason for asphalt ageing. Carbonyl in asphalt is both an oxidation catalyst, and an aged product. So, using FTIR analyze carbonyl absorption peak before and after ageing at 1700cm-1, which can quantitatively analyze the oxidation degree of asphalt [F Xiao et al., 2008] .
Carbonyl index was used to evaluate the oxidation degree of asphalt, as displayed in formula (1). 
Some researchers also investigated nano-ZnO/rubber powder or nano-ZnO/SBS modified asphalt. The result indicated that nano-ZnO/rubber powder or nano-ZnO/SBS modified asphalt improved high temperature stability, anti-aging resistance and storage stability. Compared with adding nano-ZnO, the dispersion of SBS modified asphalt is not very ideal, as shown in Figure 2 [ P Xiao and Li, 2006] . The interface effect of nanoparticles and polymer can bear great force, which can increase the tensile property of polymer materials. Then, nanoparticles have a great activity, and especially easy to react with other substances and become the reaction center of activity. Nanoparticles and polymer form chemical bonds and occur chemical reaction. There are also such reaction between nano-ZnO and base asphalt, and the addition of nanoparticles in asphalt are mainly chemical reaction [Gong et al., 2012] . 
NANOCLAY
At present a lot of papers discuss the influence of nanoclay on the asphalt performance. Most common mineral clay is layered silicate minerals. Layered silicate minerals are made of negative charged plate and interlayer exchangeable cation. Interlayer exchangeable cation can exchange with other organic cation ion to make the spacing of layers increased, then the spacing of layers insert some monomer or organic polymer to form nanocomposites. This process causes a drastic interaction and results in a good dispersion between asphalt and nanoclay, thus affecting the rheological properties and mechanical properties [El-Shafie et al., 2012] . Montmorillonite is a naturally occurring 2:1 phyllosilicate, which has the same layered and crystalline structure as talc and mica but a different layer charge [Giannelis, 1996; Theng, 2012] . Figure 3 is XRD curves of clay before and after mixing with bitumen. For natural clay, it has a little change on the XRD curve. For the organic clay, the basal spacing doubled from 2.1 to 4.2 nm It was indicated that some bitumen molecule have been intercalated into interlayer space.
The addition of nanoclay in asphalt can increase various physical and mechanical properties, such as rheological properties, low temperature cracking, permanent deformation resistance, anti-ultraviolet ageing performance. Liu et al. [2013] studied structure and artificial ageing behavior of organo-montmorillonite (OMMT) bitumen nanocomposites. X-ray diffraction result found that the dispersion state of montmorillonite in asphalt was good. The result indicated that an intercalated structure of the OMMT formed in the bituminous matrix, and this structure can improve the short term ageing behaviors of bitumen. The RTFO test and UV aging test results showed that the OMMT modified bitumen can improve resistance to thermal oxygen aging and UV aging [J-Y Yu et al., 2009; J Yu et al., 2007] . Contrary to Na-MMT, OMMT significantly influenced the rheological behavior and the ageing properties of bitumen, due to the good compatibility between the organo-montmorillonite and the bitumen used in this study [Liu et al., 2011] .
TECHNICAL CHALLENGES
The inorganic nanoparticles belong to hydrophilic materials. However, the asphalt belongs to hydrophobic materials. Therefore, the compatibility of nanoparticles and asphalt are poor. The compatibility of nanomaterial with asphalt and the dispersion in the asphalt is the key to improvement of the properties [Su et al., 2012] . Currently we can improve the compatibility from the following two aspects: First of all, the appropriate surfactant can be added to reduce the surface tension of particles; secondly, we can modify the surface of nanoparticles. Zhang et al. used 3-aminopropyltriethoxysilane to modify the surface of nanoparticles. FT-IR pattern indicated that 3-aminopropyltriethoxysilane is successfully bound on the surface of the inorganic nanoparticles, which can improve the dispersion of inorganic nanoparticles in bitumen. Hussain et al.[2006] showed that the biggest challenge in developing nanocomposite is the dispersion of nanoparticles or chemical compatibility with matrix materials. So the poor dispersibility will lead to significant difference of local performance, which affects the whole performance and service life of road. On the one hand, it is difficult to disperse nanoparticles into asphalt because of high viscosity of asphalt. On the other hand, nanoparticles possessing the large specific surface area and high surface energy have extremely strong trend to coalescence to reduce the system energy. The size of nanoparticles increases greatly after the coalescence, which make it more difficult to disperse and may lose nanometer effect [Su et al., 2012] .
PROSPECTS
With the development of technology, inorganic nanomaterials will play an important role in the field of anti-ageing material. Due to the less adding amount, it has strong non-selective wide band absorption of the ultraviolet rays; Meanwhile, for its good stability, and unable to react with polymer easily, its anti-ultraviolet ability is of stability and durability. Inorganic nanomaterials have a good effect in improving anti-ageing performance.
The research and application of inorganic nanomodified asphalt will be further attention and development. Eventually, it will make a contribution to promoting the healthy sustainable development of the road traffic.
